ABSTRACT A human colon carcinoma cell line, HC84S, was established in serum-supplemented medium from a colon tumor line T84 transplanted in nude mice. These cells also grew in a serum-free, synthetic medium supplemented with insulin, glucagon, epidermal growth factor, transferrin, hydrocortisone, triiodothyronine, selenium, and ascorbic acid. HC84S cells grew 3 times faster in this medium than in serum-containing medium and formed gland-like structures closely resembling the original tumor morphologically. In serum-containing medium, the cells grew as a monolayer and did not form such structures. Primary cultures from transplantable human colon tumor lines maintained in nude mice and a primary tumor from a patient were established directly in this hormone-sup lemented medium in collagen-treated plastic dishes without Rbroblast overgrowth. The hormone-supplemented medium may be generally useful for the establishment of human colon carcinoma cell lines.
With many types of cancer, the growth of cells is not totally unrestrained and may be influenced by the hormonal milieu of the host. Growth of some cancers of endocrine-responsive tissues-for example, mammary, prostate, endometrium, and thyroid-is dependent on the same hormones that control the growth and maintenance of function of the normal tissue of origin. The growth of nonendocrine normal tissue is rigidly controlled in animals, and growth of tumors in these nonendocrine tissues probably is also affected by hormones. However, there is little information about which hormones control the growth of most nonendocrine tissues and far less knowledge of the control of growth of tumors of these tissues. Recently, Sato and his colleagues (1) (2) (3) (4) (5) (6) (7) have demonstrated hormone requirements for growth of more than 30 established cell lines by growing them in hormone-supplemented serum-free media. This approach provides a method for the study of the hormonal requirements for growth of tumor cells of nonendocrine origin on the assumption that many of the hormones that stimulate or inhibit the growth of cells of a particular tumor in culture will have the same effect on that tumor in the animal.
To study the hormonal requirements for growth of a cancer, we have chosen human colon carcinoma, one of the major human cancers. These tumors can be transplanted and maintained in nude mice with a high rate of success. This paper reports the establishment of a human colon carcinoma cell line (HC84S) and development of a hormone-supplemented, serum-free medium (medium HG) for this cell line that permits rapid cell growth and expression of morphological characteristics similar to those found in the original tumor line (T84) in nude mice. Other human colon carcinoma cell lines can be established in this defined medium in collagen-coated plastic culture dishes directly from colon tumor lines transplanted in nude mice or from primary tumors in patients. Under these conditions, carcinoma cells grow without fibroblast overgrowth.
MATERIALS AND METHODS
Transplantable Human Colon Carcinomas in Nude Mice. A transplantable human colon carcinoma line (T84) was established in BALB/c nude mice. Tumor specimens were obtained from lung metastases in a patient with colon carcinoma and injected subcutaneously into nude mice. The tumors produced were successfully transplanted. The original histological characteristics of these colon carcinomas were maintained throughout transplantation in nude mice. Their characteristics were described in detail by Reid et al. (8) . The other transplantable human colon carcinoma lines referred to in this report were established from primary colon tumors by the same method.
Cell Culture. T84 tumor tissue from nude mice was minced into small pieces in a 1:1 mixture of Dulbecco-Vogt modified Eagle's medium (DME medium) and Ham's F-12 medium supplemented with 15 mM Hepes buffer, 1.2 g of NaHCO3, 40 mg of penicillin, 8 mg of ampicillin, and 90 mg of streptomycin per liter, 2.5% fetal calf serum, and 5% horse serum (the mixed medium without serum is referred to as SFFD). Minced tissues from 1 g of tumor were diluted with 20 ml of culture medium and transferred to test tubes. When the large pieces of tissue, mainly connective tissue, had settled to the bottom of the tubes, the supernatant containing small aggregates of tumor cells was transferred to new tubes and the cells were collected by lowspeed centrifugation. The cells were then plated in 15 culture flasks each containing 5 ml of the same medium and incubated in a humidified atmosphere of 5% C02/95% air at 370C. In a few weeks colonies of epithelial cells grew up. To Cells (45 jg of protein) were plated in 60-mm culture dishes (Falcon) containing 4 ml of SFFD. After overnight incubation to allow cell attachment, the medium was changed SFFD containing test supplements, and the cells were grown for 21 days. Cell growth in response to the added factors was measured by assaying protein content in the culture dishes. The dishes were washed twice with Pi/NaCl, cells were lysed in 4 ml of 0.3% Na2COs/1 M NaOH, and protein was determined by Lowry's method. Values reported are means of two separate dishes.
Preparation of Anti-Mouse Cell Antiserum. Mouse melanoma cells (B16) were grown in culture and 107 cells were injected subcutaneously into a young adult rabbit. Three more injections were made at 1-week intervals. One week after the last injection, the rabbit was bled and serum was isolated. To test its titer against mouse cells, 3T3 and B16 cells were grown in culture dishes containing 5.0 ml of medium; then, 0.1 ml of antiserum and 0.05 ml of unimmunized rabbit serum were added and incubated overnight. All mouse cells were lysed, but human cells (WI-38 and HeLa) were not affected when tested under the same condition. Primary cultures were treated with antiserum in the same way to kill mouse fibroblasts.
Materials. Insulin, human transferrin, glucagon, hydrocortisone, triiodothyronine (T3), gastrin, and ascorbic acid were obtained from Sigma. Epidermal growth factor (EGF) was obtained from Collaborative Research (Waltham, MA). Sodium selenite was obtained from Difco. Purified bovine insulin was a gift from Eli Lilly.
RESULTS
Growth of HC84S Cells. When grown in serum-supplemented medium, HC84S cells have the typical morphological characteristics of epithelial cells (Fig. 1) . When HC84S cells were injected subcutaneously into nude mice (106 cells per animal) they produced tumors in all animals, and the histological characteristics of these tumors were similar to those of the original T84 tumor line from which the HC84S line was established.
A typical growth curve of HC84S cells in serum-supplemented SFFD is shown in Fig. 2 . During exponential growth the doubling time was 6-7 days. When plated at high density (40 ,g of protein per dish), in SFFD in the absence of serum, the cells grew after a lag of about 9 days (Fig. 2) . After this lag period, doubling time in SFFD was comparable to that in serum-supplemented medium. When cells were plated in SFFD at lower cell densities (4 ,jg of protein per dish or less) they did not grow.
Growth of HC84S Cells in Hormone-Supplemented Serum-Free Medium. Various hormones and growth factors were tested for their effects on growth of HC84S cells. Each was added individually to cells in SFFD (Table 1) . Insulin gave the greatest stimulation of growth and showed maximal effect at 0.5 ,g/ml (Fig. 3) . Glucagon, transferrin, and EGF significantly stimulated growth of HC84S cells. They were maximally stimulatory at concentrations of 50 ng/ml, 0.25 ,jg/ml, and 0.5 ng/ml, respectively. T3, hydrocortisone, sodium selenite, and ascorbic acid also gave a significant growth enhancement. The numbers represent the averages of duplicate plates.
Among intestinal hormones tested, only gastrin gave some stimulation. With the exception of prostaglandin E1, all of the prostaglandins tested inhibited the growth of HC84S cells. Progesterone, testosterone, and estradiol also inhibited cell growth.
Because the insulin preparation used in these experiments contained glucagon as an impurity, highly purified insulin was tested to exclude the possibility that the observed insulin effect was due to glucagon. The stimulation of HC84S cell growth by highly purified insulin was comparable to that of the previously tested preparation. The glucagon preparation used contained some insulin as an impurity. However, because glucagon stimulated the growth of HC84S cells at an order of magnitude lower concentration than did insulin, it is unlikely that the effect of glucagon was due to the contaminating insulin. Thus, both insulin and glucagon stimulate the growth of HC84S cells.
HC84S cells were grown in SFFD medium supplemented with insulin (2 ,ug/ml), glucagon (0.2,ug/ml), transferrin (2 ;g/ml), EGF (1 ng/ml), hydrocortisone (50 nM), T3 (0.5 nM), selenite (25 nM), and ascorbic acid (57 ,uM) (HC medium) and their growth was compared with that in serum-supplemented SFFD (Fig. 2) . The cells began to grow exponentially after a lag of 3-5 days in HC medium and thereafter grew with a doubling time of about 5 days, faster than in serum-containing medium. When HC84S cells were plated on collagen gels in the hormone-supplemented, serum-free medium, they grew without a lag period. HC84S cells grown in this hormone-supplemented, serum-free medium piled up and produced gland-like structures (Figs. 4 and 5 ) morphologically closely resembling those of T84 tumors in animals. This appearance is strikingly different from the monolayers formed by HC84S cells in serum-supplemented medium (Fig. 1) . Establishment of Other Human Colon Cancer Cell Lines in Hormone-Supplemented Medium. We wished to determine whether cells taken from T84 tumors maintained in nude mice could be established directly in the defined medium developed for HC84S cells. Primary cultures were prepared from a T84 tumor and placed in serum-supplemented SFFD overnight. The next day the medium was replaced with the serum-free HC medium. The cells grew in this medium at a rate comparable to that in serum-containing medium. The substances found to be the major growth promotors for HC84S cells were examined individually for their effects on growth of primary T84 cells (Fig. 6 ). Among the factors tested singly, transferrin showed the most striking growth-promoting effect. ,ug/ml The trace element selenium is routinely tested for effect on cell proliferation in our laboratory following the discovery by McKeehan et al. (10) that selenium is essential for growth of a human diploid fibroblast cell line (WI-38) and of a Chinese hamster ovary line in serum-depleted media. It has been found to stimulate growth of a number of cell lines for which hormone-supplemented, serum-free media have been developed (7) .
Glucagon has been reported to have various effects on the gastrointestinal tract including inhibition of acid secretion in the stomach and inhibition of absorption of water and sodium in the intestine (11) . Enteroglucagon, a substance that crossreacts immunologically with pancreatic glucagon, is known to be secreted by the small intestine although its physiological role is not known (12) . The results reported here suggest that glucagon, or possibly enteroglucagon, may be involved in control of growth of colon cell in vivo. Gastrin stimulates growth of HC84 slightly. It has been reported (13) that gastrin stimulates the growth of intestinal cells in culture and that gastrinoma patients show hyperplasia of the intestinal mucosa. Recently, Laburthe et al. (14) reported that vasoinhibitory peptide (VIP), activates adenyl cyclase of a human colon carcinoma cell line (HT 29) but the effects of VIP on growth of these cells were not studied. We found VIP not to affect growth of HC84S cells. These results raise the possibility that some hormones that do not affect cell growth nevertheless do affect cell function. It remains to be elucidated whether any of the hormones found to stimulate growth of HC84S cells affect their function, but this is one possible interpretation of the result that HC84S cells apparently differentiate morphologically when grown in hormone-supplemented, serum-free medium.
Somatostatin, prostaglandins (except prostaglandin E1), progesterone, testosterone, and estradiol appeared to inhibit growth of HC84S cells. This result and the demonstration that a hormone-supplemented, serum-free medium allows better growth of HC84S cells than does serum-containing medium raise the possibility that there are hormones present in serum that inhibit the growth of human colon carcinoma cells. It may be possible to develop combinations of hormones that effectively inhibit HC84S cell growth in just the way that the growth medium was constructed.
Some of the hormones present in serum may inhibit HC84S cell differentiation of function because the cells grew in three dimension and formed gland-like structures similar to those of T84 tumors in animals when put in hormone-supplemented medium whereas they grew as a monolayer in serum-containing medium. Recently, Taub et al. (6) 
